Multidimensional Analysis of Snow Cover Data in South Dakota Diversity of Landscapes by Boris Shmagin & Carol Johnston
Multidimensional Analysis 
of Snow Cover Data in 
South Dakota 
Diversity of Landscapes
Shmagin, B.A. & C.A. Johnston  
Water Research Institute        Department of Biology & Microbiology
South Dakota State University, 
Brookings, SD
Photo picture taken: 








































































• Introduction: maps & snow fall as the 
most reliable characteristic 
• Data & philosophy of analysis
• Analysis of snow fall for period 1955-79
• Regime of snow fall in SD
• Improving the knowledge & creating 





























































































































































































































Data on monthly snow fall in SD
Initial matrix: X(n*p) or X(93*11) there are:
n=93 – number of rows or stations, those stations have 
mutual time interval of 18 winters of observations 
(1952-53 – 1969-70), 
p=11 – number of variables or 10 monthly proportions & 
annual total snowfall for the winter season 
Stations with monthly 
total snow. 







































































Average annual snow fall in SD
The average annual sum of total monthly 
snowfall (September-June) for SD 
34.6 [in]
obtained on 93 stations for 1952-1970, 
ranged from 10.21 to 152.3 [in]
Stations with monthly total snow. 






































































Average annual snow fall in SD
The average total monthly snowfall [in] obtained on 93 stations for 1952-1970 (left) 






































































Data & philosophy of analysis
Multivariate analysis is the simultaneous statistical consideration 
of relationships among many measured properties of a given 
system (Gould 1996, p. 42;).
A factor is a portion of a quantity, usually an integer or polynomial 
that, when multiplied by other factors, gives the entire quantity.
The determination of factors is called factorization (or sometimes 
"factoring"). It is usually desired to break factors down into the 
smallest possible pieces so that no factor is itself factorable.
Factor analysis allows the determination of common axes 
influencing sets of independent measured sets. 
The main applications of factor analytic techniques are: 
• (1) to reduce the number of variables & 
• (2) to detect structure in the relationships between variables. 
















































































DEC -0.59 -0.58 -0.35
JAN -0.86
FEB -0.79 -0.33
MAR -0.65 0.43 -0.29
APR 0.69 0.46 0.31
MAY 0.65 0.42
JUN 0.88
Expl.Var 3.03 1.58 2.40


















































































DEC -0.31 0.37 -0.76
JAN 0.85
FEB -0.28 -0.81





Expl.Var 2.66 1.49 3.26






































































Factor 1 Scores distribution
Distribution of 
monthly snow fallFactor 1 Factor 2 Factor 3SEP 0.74
OCT 0.46 0.69
NOV 0.69
DEC -0.59 -0.58 -0.35
JAN -0.86
FEB -0.79 -0.33
MAR -0.65 0.43 -0.29
APR 0.69 0.46 0.31
MAY 0.65 0.42
JUN 0.88
Expl.Var 3.03 1.58 2.40
Prp.Totl 0.30 0.16 0.24

















































































DEC -0.59 -0.58 -0.35
JAN -0.86
FEB -0.79 -0.33
MAR -0.65 0.43 -0.29
APR 0.69 0.46 0.31
MAY 0.65 0.42
JUN 0.88
Expl.Var 3.03 1.58 2.40
Prp.Totl 0.30 0.16 0.24
Factor 2 Scores distribution

















































































DEC -0.59 -0.58 -0.35
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Factor 3 Scores distribution








































































annual snow fall 
& Factor 
Loading
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where are: t = number of years 
(67- 1931-1998) & n = number of meteorological stations (25),



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Factor 7 Linear (Factor 7) Poly. (Factor 7)
Factor Loadings , Factor 1 vs. Factor 2
Rotation: Varimax normalized
Extraction: Principal components
ABERDEEN WSO AP, SD




BROOKINGS 2 NE, SD
CENTERVILLE 6 SE, SD
CLARK, SD
COLONY, WY
COTTONWOOD 3 E, SD
CUSTER, SD
DUPREE 5 NNE, SD
EUREKA, SD
FAITH, SD
FAULKTON 1 NW, SD
FORESTBURG 3 NE, SD
GORDON 6 N, NE
HARRISON, NE
HETTINGER EXPERIMENT FA
HIGHMORE 1 W, SD
HOT SPRINGS, SD MELLETTE, SD
MITCHELL, SD
NEWCASTLE, WY





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Spatial temporal structure of 
annual precipitations regime in 
MN & around for 1930-31 –
1984-85 hydrologic years (87 
US HCN stations) 

































































































































































































































































































































































































































































































































































































































































































































































































































































































Improving the knowledge & 















































































































































“… gaps in knowledge …” -
from Reports’ conclusions
It was 1.5 inches 
of snowfall in 
Brookings, SD, on 























































































































































































































Regional analysis of empirical hydro & 
climate data has to be the direction of 
SDSU research.
The goal is Atlas of climate & natural 



































































Research project is privately funded. 
Additional support & funding for presented research provided by 
Prof. Carol Peterson, SD EPSCoR & 
Water Resource Institute of SDSU 
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